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^MAKOKPHCTAJIJIIfflECKOE YCTPOHCTBO OTOEPA3KEHHS HHOOPMAJJHH 
(BAPHAHTM) H CnOCOB ErO H3rOTOBJIEHHfl 

H3o6pereHHe othochtc* k o6jiacxH 3jieKTpoHHKH h Mosex 6bitb HcnojiwoBaHO np« co3.naHHH 

yCTpOHCTB OTOSpaaceHHS HH^OpMaUHH H, B laCTHOCTH, HH^OpMaUHOHHMX 5KHflKOKpHCTajIJIHHeCKHX 

QKK) sneeK, 3KpaHOB, naHejieii hu. 

HeaocxaiKOM 6om>mHHCTBa ^KOKpncxajmiHecKHx ycxpoficxB oxoepaaceHH* HH^opMamo, 
mn * eTC * CHJItHaa 3aB "CHMOCTB nponycKaHHH ot yrjia naaeHH* CBexa [1] h, K a K oieacxBHe axoro, 
naaeHHe KOHxpacxa h aaace HHBepcH* ypoBneii nponyocaHH* nan HeKoxopBiMH ymaMH Ha6moaeHH*. 
flJiH yJiyHineHHH nzumbix xapaKxepHCTHK aHciuieeB Hcno^yrox b p^e oiynaeB H a6op 
<J)a30KOMneHCHpyK)iimx nneHOK [2], hxo npHBoaHx k y*opo>KaHHK> ycxpoHcxB h «e pemaex no^ocx™ 
npo6jieMy HHBepcHH useTa. 

HanGojiee nepcneicxHBHbiMH c mshhoh . xohkh apeHHH flBJMIO Tca MHoro WM eHHBie 
TOOKpHcxajumnecKHe QKK) ycxpoficxBa, b koxo P bix b npeaeiiax o OT oro mcm™ HsoSpaaceHH* 
(mmena) hmcioxcji o6jiacTH TO oro Kpncxajuia co scorn bo3mo>khbimh ero opHeHxamwMH b 

lUTOCKOCTH IIOflJIOaCKH [3]. 

H3BeCTHO yCTpOHCTBO OTOGpaaceHH* HH^OpMaUHH [4], KOTOpoe COCTOHT H3 flB yx 

m.GCKonapaiuie^m.ix ncwnoww c na^cem™ no KpaftHen M epe Ha cany h 3 hhx 9JKXipoaum H 
oioaceHHBix BMecxe 3JieKxpo fl aMH BHyxpB. HpocxpaHCXBO we^y no^oaocaMH 3anom,eHo 
roMeoxponHo opHeHTHpoBaHHOfi TOo-KpHcxaiiJiHHecKOH cmccmo c nojio^xe^HOH aHH3oxponjieH. 
C HapyacHBix cxopoH no/moaceK HMercxca nsa nojiapoHaa, Koxopsie CKpeweHM- Me^y co6oh, B 
BWKjnoHeHHOM cocto*hhh ycxpoficxBO c B ex «e nponycKaex. Ho* aeiicxBHeM HanpHHceHHa pa3HOH 



nojiapHOc™, npuKJia^BaeMoro k cocejuwiM 3JieKTpoaaM Ha ootoh noAJioaace, Meacay yKaaaHHbiMH 
3jieiapoaaMH B03HHKaeT napa6onHMecKoe 3jieKTpHHecKoe ndjie, KOTopoe nepeopneHTHpyeT >KK Bxiojib 
cHJiOBbix jihhhh. TaKHM o6pa30M yaaeTca copHGHTHpOBaTb b npocTpaHCTBe Meacay 3JieKTpOflaMH 
MoneKyjibi 5KK b jusyx pa3JiHHHbix HanpaBJieHHflx (Tax Ha3biBaeMaa 2-x flOMeHHaa cxpyicrypa) b 
pe3ym>TaTe nero yrjiOBwe xapaicrepHCTHKH wcnsiex 3aMeTHO yjiyniiiaioTca. HTo6bi aocraHb 
HaH6ojn>meH apKOcra och nonaponaoB pacnojraraiOT rioa yrjiOM 45° k sjieiapcxaaM. HeweraTKOM 
AaHHoro ycTpofiCTBa HBJiaeTca ero HH3icaa *pKocn>, npncymaa TaiQKe BceM ycTponcTBaM, pa6oTaioiiiHM 
H a npHtmnne nepeianoHeHHa flnpeicropa 5KK b ruiocKOCTH nozuionceK [5], a TaioKe HeB03MO^cHocn> 
co3^aHHH 6oJiee 2-x aoisieHOB b o6jiacra oaHoro ajieMeHTa H3o6paaceHH* (nHKcejia). 

H3Becrao ycTpoficTBO [6,7], KOTopoe jxsir o6pa30BaHHH pa3JiHHHbix ^OMeHOB 5KK b npe^ejiax 
raoccejia o&beflHraer b ce6e npHHunn KpaeBoro nojra , B03HHKaiomero Ha ootoh H3 noAJioxceic nocjie 
npHKJiazxbmaHH^ 3jieirrpHHecKoro nona, h BbiciynoB, hmcioiuhx cicara b pa3Hbix HanpaBjieHHax, h 

C^OpMHpOBaHHbDC JIHTOrpa^HHeCKH Ha BTOpOH IIOflJIOHCKe UBeTHblX 4>HJIbTpOB. BbicTynbi HrpaiOT poiib 

3neMeHTOB, oTKJiOHHiomHx .aHpejcrop 5KK ot HopMajiH k noflJioMaee. llojiocTb Me^cay no^jio^ocaMH 
3anoJiHeHa roivieoTponHO opHefrrapoBaHHbiM >kh3khm KpHcrajuiOM c OTpHuaTCJiBHOH flrajieicrpHHecKOH 
aHH30TponHeft. MojieKyjibi ^cnjiKoro KpHCTajuia opweHTHpoBaHbi nepnenaHKyjiapHO noBepxHOcra 
nofljioaceic h b BbiKJHoneHHOM cocto^hhh ycTpoficTBO CBeT He nponycKaeT (nonapoaabi CKpemeHbi) h 
^ jtmtitts Ha CKaTax BbiCTynoB hx HanpaBJieHHe onoiOHaeTca ot HopMajiH Ha yrojr, paBHMH yrjiy, 
o6pa30BaHHOMy CKaTOM BbiCTyna h noflJio>KKOH. Ha BbicTynax MOJieKyjibi DKK hm&ot npeaHaioiOH b 
pa3Hbix HanpaBJiemMx, KOTopbift HeBejiHK h no3TOMy He bhocht cymecTBeHHbix H3MeHeHHH b 
orrraHecKHe xapaicrepHCTHKH ycTpoiiCTBa b BbiKjnoneHHOM coctohhhh. BbicTynw b npeaejiax nHKcejia 
opHeH-rapoBaHbi TaKHM o6pa30M, hto6h npeaHaiaiOH MOJieKyji 5KK Ha hx CKaTax coBnaaau c 
npeflHaioioHOM MOJieicyji, B03HHKaioiUHM npH npHKJiaflbraaHHH k nojuio^ocaM 3JieKTpHHecKoro non*. Ha 
Bbromyrbix icpaax rnuccejia (4>opMa imKcena b BHue BbifaHyroro npaMoyrojibHHKa). B onwcaHHO m 



ycrrpoHCTBe coraacoBaftHoe aefiCTBHe KpaeBoro sneicrpHHecKoro nojia h BbicrrynoB npwBOAHT k 
nepeopneHTauHH MOJieicyji JKK b pa3JiHHHbix HanpaBJieiraax oTHOCHTejibHO .hjihhhlix ocen BbicrrynoB b 
npcaejiax nuiccejia. HenocTancoM TaKoro ycrpoficTBa xbjixqtcx to, hto xot* b Her* h peajiH3yeTC« 
bo3mo^chocti> o6pa30BaHim 4-x aomchob b npeaejiax OflHoro racccejia (3to kojimhcctbo ^omchob 
jmjiaeTca onroMajibHbiM jum BbipaBHHBaHH* yrnoBbix xapaicrepHCTHK bo Bcex HanpaBJieHH*x), onHaKO, 
b peaJibHOM jiHcruiee hx ruiomaab b npeaejiax nmccejia pa3JiHHHa w ztocraHb nojiHoro BbipaBHHBaHna 
yrnoBbix xapaicrepHCTHK 3aTpyjiHHTejibHO. KpoMe Toro, KpaeBoe 3JieicrpHHecKoe nojie BOKpyr roaccejia, 
Bb3HHKaioinee nocjie npuKjiaflbiBaHH* HanpaaceHHa k no,zuio>KKaM, HepasHOMepHO H3-3a noOTOflflimix 
unm, hto TaioKe npHBOjurr k HepaBHOMepHoera BKjnoneHUH pa3JiHHHbix ziomchob b npeaejiax 
rraccejia. 

HaH6ojiee 6jih3khm k 3a5TBjmeMbiM ycrpOHCTBaM h cnoco6y hbjlhctch TexHHnecicoe peinemie 
[8], KOTopoe npeacTaBJiaeT co6oh ji&c nozuioaoai co c4>opMHpoBaHHbiMH pncyHKaMH 3jieiopoAOB, Ha 

KOTOpbie MeTOflOM 4)OTOJIHTOrpa4>HH HaH0C5IT BblCTynbl CO CKaTaMH B pa3JIHHHbIX HanpaBJieHHHx. 

BbicTynbi, KaK h b [7], TaioKe nrpaiOT pom> ajieivieHTOB, otkjioiuiioiuhx flHpeiarop MOJieicyji DKK ot 
HOpManH k nofljioaoce. IIpocTpaHCTBO Memory no/uiOHocaMH 3anojiHeHO roMeoTponHO 

OpHCHTHpOBaHHblM >KH^KHM KpHCTajlJlOM C OTpHliaTCJIbHOH OT3JieKTpHHeCKOH npOHHUaeMOCTblO. B 

BtnanoHeHHOM cocto^hhh MOJieKyjibi 5KK opHeHTMpOBaHbi nepneiiaHKyji^pHo noflJioaacaM KpoMe MecT 
pacnojio^ceHH^ BbicrrynoB, Ha cicaTax KOTopbix MOJieKyjibi hmciot npeflHaioiOH, paBHbifl yray, 
o6pa30BaHHOMy Me>Kny BbiCTynoM h nozuio^KKOH . flaHHbiii npe^HaicjiOH HeBejiroc h He bhocht 
cymecTseHHbix H3MeHeHHH b onraHecKHe xapaicrepHCTHKH ycTpoficTsa b BbiKjnoneHHOM coctohhhh h b 
CKpemeHHbix nojmpowaax oho cbct He nporrycicaeT. Qzmaico, npn npHioiatfbiBaHHH k noaJioacicaM 
pa3H0CTH noTeHimajiOB, npe^HaiaiOHa aocTaTOHHo, Hro6bi nepeopneHTHpoBaTb MOJieicyjibi JKK b 
pa3JiHMHbix HanpaBJieHHHx b npejiejiax nHKcejia, hto npnBO/iHT k o6pa30BaHmo homchob h 
BbipaBHHsaHHio yrnoBbix xapaKTepncTHK; HeAOCTancoM .aaHHoro ycTpoflcTBa aBJiaeTca ero HH3icaa 



apKOCTb (30% ot oSwHHoro jtHcruiea) icaic 3a cneT Toro, hto Bbicrynbi 3aHHMaK)T 6ojiee 30% njioiuaflH 
jwcnnes, TaK h 3a cneT Toro, hto 4-x flOMeHHbiH BapnaHT aaHHoro ycTpoficTBa peanH3yeTca TOJibKO 3a 
cneT oco6oro pHcymca BbicrynoB, hto npHBOjiHT k flonojiHHTejibHMM noTepaM CBera. KpoMe Toro, nnn 
H3roTOBjieHiM aaHHoro ycTpoficTBa Tpe6yioTca flBe aonojiHHTejibHbie TexHOJiorHnecKHe onepauHH 

4>OTOJIHTOrpa4)HH. 

3aflaneH HacToamero H3o6peTeHHa aBnae-rca cosaaHHe ycrpoHCTB c ihhpokhmh yrjiaMH o63opa, 
c 6ojTbineH hpkoctmo b peacHMe rrponycKaHH* cBeTa no cpaBHerono c H3BecTHbiMH h co3,aaHHe 6o;iee 
npocToro cnoco6a hx H3roTOBJieHHfl. 

ITocTaBJieHHafl 3aaaHa peiuaeTCH 3a cneT BbinoJiHeHna OTKJiOHHiomHx ajieMeHTOB b ycTpoficTBe c 
MHoacecTBOM 3JieMeHTOB H3o6paaceHHH flH3JieKTpHHecKHMH h pa3MeineHHH hx noBepx npeaBapHTejibHO 
HaHeceHHbix TOKonpOBOflfliimx noKpbiTHfl no KpafiHefi Mepe Ha ootoh H3 flByx nojuioaceK c 
HeManwecKHM «hakhm KpHCTariJiOM Meacny hhmh. PncyHOK onoiOHKioimix sjieMeHTOB momcct 6bin» 
noBepHyr cbohm npo<i>HJieM icaic b CTopoHy 3KK, Tax h b CTopoHy nojuioacKH h pasiuemeH Kan Ha oahoh, 
TaK h Ha o6eHX nozuioaocax. UHS-jieiopHHecKHe 3-jieMeHTbi Moryr 6brn> pa3MemeHbi KaK no nepHMeTpy, 
Tan h BHyrpH Kaacfloro 3-jieMeHTa H3o6paaceHHa. IIpH npHjio»eHHH k sjieiopoflaM Ha 
npOTHBonojioJKHbix nofljioaocax sneicrpHHecKOH pa3HOCTH noTeHunaJioB, Ha rpaHHue 5KK- 
otkjiohhk)ihhh flHSJieicrpHHecKHH 3JieMeHT B03HHKaeT fle4>opMHpoBaHHoe 3JieicrpnHecKoe nojie, 
HMewmee napajuiejibHyio noflJioJKKaM sjiempHHecicyio cocTaBJunomyio, HanpaBJiemie KOTopofi 

3ajiaeTCH pHCyHKOM OTKJIOH«IOIIIHX flHSBeKTpHHeCKHX 3JieMeHTOB. npH 3TOM, BejIHHHHa 3Toro nojia 

AOCTaTOMHa fljia nepeopHeHTauHH )KK b pa3JiHHHbix HanpaBJieHHHX, hto hphboaht k o6pa30Barono 
pa3JmHHbix aoMeHOB b npcnejiax OflHoro nuKceJia h BbipaBHHBaHHK) omnHecKnx cbohctb ycTpoficTBa. 
riocKOJn,Ky, b OTjmHHe ot H3BecTHoro [8], zuoJieicrpHHecKHe sjieMeHTbi 3aHHMaeT He 6ojiee 5-10% 
raiomaflH nHKcena, ycrpoHCTBO o6jiaziaeT 6ojiee bwcokoh apKOCTbio. TlpH 3tom, pncyHOK 



# 



AvojieicrpHHecKHX 3JieMeHTOB no3Bonaer nenco noJiynaTb KaK 2-x, tek h 4-x WMeHHbie ycrpoHCTBa npn 
jik)6oh peanbHO HcnoJib3yeMOH 4>opMe nHKcejia. 

Ha $ht.1 - 2 npeac-raBJieH nonepenHbiii paspes (a) h bha csepxy (6) 3a*BJiaeMOro ycrpoftCTBa, 
H3roroBJieHHoro no sarajiaeMOMy cnoco6y c pasJiHHHbiM pacnoJio>KeHHeM oxioiOHinoiUHX 

flHSJieicrpHHecKHX sjicmchtob. 

Ha (Jmr. 3 npeacraBJien nonepeiHUH paspes (a) h bhji csepxy (6) saasjiaeMoro ycrpoHCTBa, 
H3roTOBJieHHoro no saaanaeMOMy cnoco6y, b koto P om onoiOHawmHe 3ne M eHTbi na noflJioaace 
CBeTO^HJibTpoB BbmoJiHJnoT oflHOBpeMeHHO h pojib HepHOH MaCKH . 

Ha (J>ht. 4 npeacraBJieH bhq CBepxy ycxpoHCTB, HsroxoBJieHHbix no saaujiaeMOMy cnoco6y c 
P a3JiHHHbiM pacnojioHceHHeM o-noioHJooiimx flHSJieicrpHHecKHx sjieMeHTOB. 

Ha (Jmr. 5-8 npeflCTasneH nonepe<nn>iH P a3 P e3 (a) h bh« csepxy (6) saaBJiaeMbix ycxpoHCTB, 
H3roTOBJieHHbix no sasBjweMOMy cnoco6y c paajmnHMM pacnojioaceHHeM otkjiohxjoiuhx 
juojieicrpHHecKHX 3Jie M eHTOB b cjiyHaax, Konxa pasHOTOJimnHKbra npo^HJib otkjiohsioiuhx 3Jie M eHTOB 

noBepHyr b CTopoHy nofljioaacH. 

Ha <J»ht. 9 npeacTaBJien nonepenHbifi paspes (a) h bha csepxy (6) saaBJweMoro 2-x aoMeHHoro 
ycTpoHCTBa, H3roTOBJiCHHoro no saaBjmeMOMy cnoco6y c miaHapHOH opHeHTaujieH 3KK, 

HaroTOBJieHHe saaBJiaeMbix ycxpoHCTB ocyinecTBjmerca cjieaywiHHM o6pa30M. Ha oany hjih 
o6e noflJio>KKH co c(t»o P MH P OBaHHbiMH Ha hhx sneKxpoaaMH HanocjiT, noBepx nocjieaHero 
TOKonpoBOiwmero cjioh pncynoK otkjiohhwiuhx jaHMeicrpmecKHX 3Jie M eHT0B. n P H stom, y fl em,Hoe 
iiH3JieKTpHHecKoe conpoxHBJieHHe oTKJiOHjnoraHX sjieMenroB He aojdkho 6biTb cyinecTBenHO Hnace 
yaejibHoro conpoTHBJieHHa ncnoJibsyeMoro 5KK Marepnajia, Koxopoe, KaK npasnjio, Bbnne 10 8 Om/cm. 

OnoiOHaiomHe sjieMenTbi <j)opMHpyK)T o6biHHO c noMombK) npouecca (|>OTOJiHTorpa$HH. Ohh 
name scero npeacraBJiaeT co6oh jih6o cruioiiiHbie, jih6o npepbiBHCTbie jihhhh c paspbisaMH 5-30 mkm h 

IDHpHHOH JIHHHH OT 2-3 MKM H IUH P e H BblCOTOH (r Jiy 6HHOH) OT 0, 1 MKM AO TOJllUHHbl CJIOH 5KK. B 



nonepe^HOM pa3pe3e 0TKji0H5iiomHe .zuojieiopHHecKHe 3jieMeHTbi npeacTaBJuiiOT co6oh pa3JiHHHbie 
reoMeTpHnecKHe 4>nrypbi, TaKHe KaK TpeyrojiBHHKH, noBepHyTbie oaHOH H3 ctopoh k nofljio^cKe, 
TpaneiiHH, npflMoyrojibHHKH, nojiyoKpyacHOCTH h t.jx. OncjioaffiomHe flHSJieicrpHHecKHe 3JieMeHTbi 
pacnojiaraiOT Ha nofljioaace b BHae jthhhm pa3JiHHHoii $opMW, orpaHHHHBaiomHx ojmn ajieivieHT 
H3o6pa^ceHH5i. Ecjih ajiewieHT H3o6pa^ceHH5i HMeeT Bbnmr/ryw (fcopMy, ero Moryr pa36HBan> c 
noMOiubio onoiOHaioiuHx 3jieMeHTOB Ha paBHOcropoHHHe npHMoyrojibHHKH, jih6o np^MOyrOJIbHHKH 
6jra3KHe k hhm no 4>opMe h pa3Mepy, HaHOca oncnoHaioiime 3JieMeHTbi BHyTpH 3jieMeHTOB 
H3o6pa^ceHHJi. OnoiOHHiomHe 3jieMeHn>i MOiyr pacnojiaraTbca b Me^c3JieiarpoziHOM 3a3ope h 
HaKpbiBaTb Kpafl 3Jieiapo,na 3JieMeHTa H3o6pa*ceHH* Ha urapHHy, cpaBHHMyio c bbicotoh 3JieMeHTa, 
HTo6bi HCKJnoHHTb BJiH^HHe KpaeBoro 3JieKTpHHecKoro nojia Ha opHeHTamno 3KK. IlpocTpaHCTBo 

Me >KUy OTCJIOHHIOIUHMH OT3JieKTpHHeCKHMH 3JieMeHTaMH MO^eT 6bITb 3anOJIHeHO BCnOMOraTejIbHblMH 

noKpbi-nwMH (BapHaHTbi, Koraa npo4>Hjib onoiOHaiomHX OT3JieKTpHHecKHX 3neMeHTOB noBepHyr b 
cropoHy nofljioaaai). BcnoMoraTenbHbie noKpbrras Moryr BbmojmaTb pojib BbipaBHHBaiomero hjih 
njiaHapH3yiomero noKpbrras, MacKH UBeTHbix 4>HjibTpoB ? pa3JiHHHbix npoBoaamHX noKptirafi, 
npe^cTaBJMTb co6oh ynacTKH nozmo>KKH, Meayiy kotopmmh c^opMHpOBaHbi yrjiy6jieHHa, 3anojiHeHHbie 
OTKJioHsnomHMH flrojieitrpHHecKHMH 3jieMeHxaMH. 

Ha BTOpyK) noAJio^ocy onoiOHHiomHe 3jieMeHTbi HaHOorr TaioKe b bkhc paBHOCTopoHHHX 
npaMoyrojibHHKOB hjih 6jih3khx k hhm no $opMe h pa3Mepy npaMoyrojibHHKOB c tskhmh >Ke 
pa3MepaMH KaK h Ha nepBoft nojmo>KKe, jih6o OTjiHHHbiMH ot hhx, a TaioKe b BH^e cruiouiHbix hjih 

IipepblBHCTblX JIHHHH pa3JIHHHOH (J)OpMbI. 

B cjiynae, Koraa Ha BTopon no^jiOKKe c<}>opMHpoBaHa uBeTHaa MaTpnua <j> HJItT P OB > 

OTKJIOH^IOmHe AH3JieKTpHMeCKHe 3JieMeHTbI ? KaK npaBHJIO, COBMetUaiOT C ^epHOH MaCKOH, jth6o 

3aMenaiOT hx £H3JieKTpHHecKoii nepHOH MacKon Tpe6yeMoro pncyHKa. B nocjicziHeM CJiynae Boo6me He 
Tpe6yeTCfl aonojiHHTejibHafl TexHOJiorHnecKaa onepauHfl. 
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flH3JieicTpHHecKrie OTKJiOHaioiuHe 3JieMeHTbi Ha pasHbix nofljioracax Moryr 6bin> H3roTOB/ieHSi 
H3 pasHtix AH3JieicrpHMecKHX MaTepHanoB. HanpHMep, Korna Ha noxuioaace imeTHbix ^HJibxpoB 
fl H3JieKTpHHecKHe o-ncjiOHHiomHe 3JieMeHTw coBMemaiOT c nepHOH MacKOH, to Ha BTopoii noAJioJKKe hx 
no bo3mo>khocth H3roTa B JiHBaiOT H3 npospanHoro MaTepwaJia, hto6h yMeHbuiHH, noTepn CBeTa. 
BwcoTa oTKjiomnofflHX AHSJieicrpHHecKHx 3jie\ieHTOB momcct 6fcin» pasjiHMHOH KaK Ha pasHbix 
noiuio>KKax, Ta K h Ha oahoh nojuioacKe. B nocjiejmeM cjiynae 3to MoaceT HMen. MecTO aw. cosaaHHa 
AHCiuieeB c pa3JiHHHbiMH yrjioBWMH xapaKxepHCTHKaMH no njiomazw flHcruiefl. 

Ha nojuioacKH aajiee HaHOcaT opHeHTHpyioinee noiqjbiTHe ajw roMeoTponHOH jih6o ruiaHapHOH 
opHeHTauHH 3KK. 

Rnn co3flaHiw 3a3opa Meamy noflJiojKKaMH b cjiynae, Koraa oncnoHaioiUHe 3JieMeHTbi HaHeceHbi 
TOJibKO Ha oflHy noflJio>KKy Hcnojn>3yK)T TpaflHUHOHHbie cneficepbi b Bune inapHKOB, najioneK, nacnm 
onpeaejieHHoro pasMepa, BbmojiHeHHtix KaK h 3 HeoprammecKHX, TaK h hs opraHHMecKHx MaxepHajiOB. 
B tom cjiy^ae, Koraa omnoHaiomHe sjieiweHTbi HaHecera.1 Ha pHcyHOK sneicrpoflOB o6enx noanoMceK 
npo^HJieM b CTopoHy 5KK, cneficepbi He HaHOorc BOBce, TaK KaK hx pojib b stom cjiyme BbmojiiunoT 
OTKjiOHjnoume flHSJieiopHHecKHe 3Jie M eHTbi. n P H stom, co3flaerc* 3HaHHTejn,HO 6onee ycroiraiBoe k 
BHeuiHHM Harpy3KaM ycrpoHCTBO c jienco BapbHpyeMoH tojiuwhoh cnoa >KK. 

TaKHM o6pa30M, ecjra co3flaiOT ycTpofiCTBO, b kotopom jnnm, o;wa nofljioaoca HMeeT 
onciOH«omHe flHSJieiopHHecKHe sjieMeHTM, ee CKjiaflbmaioT c o6mhhoh nofljioaacofi co 

CCfeopMHpOBaHHbIM Ha Hefi pHCyHKOM SJieKTpOflOB, OpHeHTHpyiOIUHM nOKpblTHeM, TpaflHUHOHHblMH 

cneficepaMH sjieicrpoflaMH BHyrpb h CKJieHBaiOT no nepHMeTpy. 

B cjiynae, Koraa co3.naioT ycrpoHCTBO, y KOToporo oTKJioHJHomHe jrasjiekTpHMecKHe sjieMeHTbi 
HMeioTeH Ha o6eHX nofljioaocax c npo<l>HjieM b CTopoHy )KK, hx coBMemaiOT TaKHM o6pa30M, <rro6bi 
nepeKpecTHH jihhhh sjicmchtob Ha oahoh no;uio>KKe 6wjih no bosmotkhocth 6jiH*e k uempy 
KBaapaTOB, o6pa30BaHHbix flHSJieicrpHHecKHMH OTKJioiunourHMH jihhhh mh Ha btopoh nofljioaace, eCJIH 
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C03,aaioT OTCimeH c BbipoBHeHHbiMH yrjiOBbiMH xapaicrepHCTHKaMH no BceM HanpaBjieHH^M m 3aTeM 
CKJieHsaiOT. 

ECJIH XOTfl 6bl y OZIHOH H3 nOiIJ10)KeK npO(J)HJIb OTKJIOHMIOmHX ,HH3JieKTpHHeCKHX 3JieMeHTOB 

noBepHyT b CTopoHy nozuio>KKH, nozuioaocH coBMemaioT TaKHM >ke o6pa30M, KaK onHcaHO Bbime, ho, 
npH 3tom, Hcnojib3yiOT TpaflHUHOHHbie cnewcepbi jxnn C03flaHHH 3a3opa Meamy noiuioxocaMH. 

Pa3Mep t^opMHpyeNfbix ^omchob b o6meM cjiynae aejiaioT npH6jiH3HTenbH0 OflHHaKOBoro 
pa3Mepa 5 hto6bi MaKCHMajibHo BbipoBHJiTb yrjioBbie xapaicrepHCTHKH ycTpoMcTBa. OflHaKo, earn 
Tpe6yiOTCH ycTpoficTBa co cneuHtjmnecKHMH yrjioBbiMH xapaicrepHCTHKaMH, ohh Moryr 6biTt pa3Horo 
pa3Mepa 

TIpocTpaHCTBO Meacay noflJioaocaMH 3anojmaK)T HeMaranecKHM 5KK. 

HeMaxHHecKHe 5KK, KOTopwe Hcnojn>3yK>Tca b co3^aBaeMBix ycTponcTBax Moyn 6brn> KaK c 
nojio>KHTejibHOH, TaK h c OTpHijaTejibHOH OT3JieKTpHMecKOH npOHHuaeMOCTbio. IlpH 3tom, ohh Moryr 
6birb opneHTHpoBaHbi KaK roivieoTponHo, TaK h iuiaHapHo. HarapaHHe noAJio>KeK npn iuiaHapHOH 
opHeHTamm 5KK MoaceT ocymecTBjurrbca uojx yraaMH ot 0° jxo 180° OTHOCHTejibHO otkjioh^ioiuhx 

^H3JieKTpHHeCKHX 3JieMeHTOB. HeMaTHHeCKHH 5KHJIKHH KpHCTajTJI M03KCT 6bITb KaK HCXHpajTbHblM, TaK H 

xHpajibHMM. B cjiynae Hcnojib30BaHHH xnpajibHoro 3KK npn ruiaHapHOH opneHTauHH ero yroji 

■ ) 

3aKpyncH mohcct H3MeHjrn>Cfl ot 0° jxo 360°. IlpH roMeoTpoiiHOH opneHTauHH yroji 3aKpyncH 6yaeT 
onpejiejiOTbc^ cooTHomeHHeM d/p < 0,5 ( rae d - TOJimHHa cjioa p - inar cnnpajiH). 

B 3aaBjmeMbix ycrpoHCTBax mo^kct TaioKe Hcnonb30BaTbcn ^khjikhh KpncTajui c ^nxpoHRHbiM 
KpacHTejieM h Tor,aa jiaHHbie ycipoHCTBa Moryr He HMerb nojiapoimoB h OTo6pa^caTb HH^opMauHio 3a 
cneT norjiomeHMLa CBeTa MOJieKynaMH KpacHTejm. ITpn 3tom, KpacHTeju> MO^ceT HMerb flnxpoHHHoe 
oraouieHHe KaK 6ojibiue, TaK h MeHbine ejuminiM, a >kh£khh KpHCTajiji MoaceT 6birb KaK xnpajibHbiM, 
TaK h HexnpajibHbiM. 



3aaBJiaeMi,ie ycTpoficTBa MoryT pa6oTarb b peaeHMe Ha oTpaaceHHe. B 3tom cjiy^ae OiiHa H3 
noiwoaceK h HaHecemibiH Ha Hee 3Jieicrpofl *bji*iotcji HenpospaHHtiMH (oTpa>KaiomHMH). flju 
nonyMCHHH H3o6pa>KeHHJi Hcnojn>3yeTCH oahh nojiapOHfl. 

Ha <J>hi\1 npeacraBJieH nonepenHbm pa3pes (a) h sua CBepxy (6) 3a*BJMeMoro ycTpoHCTBa, 
HsroTOBJieHHoro no 3a*BJi»eMOMy cnoco6y. Ha use ruiocKonapajuieJibHbie cTeiowHHbie nozuioaacH 1 h 
2, HanpuMep tojiihhhoh 0.5 - 2 mm h jiHHeiiHbiMH pasMepaMH ot 1 cm no HecKOJibKHx aeuHMerpoB 
mctoaom BaKyyMHoro pacnbuieHH* HaHeHW nposparabie sneicrpoflbi 3 tojiiiihhoh 70-150 hm, 
HanpHMep hs okhch cnjiaBa hhuhh-ojiobo c noBepxHOcrabiM conpoTHBuemieM 10-2000 OWD. 
Tpe6yeMbm pncyHOK 3JieiopoflOB c$opMHpoBaH (fcoTOJmTorpa^HiecKH. Ha OHHy H3 noflJio>KeK 
naHeceHbi oTKjiOHaiomHe flHSJieicrpHHecKHe 3Jie M eHTbi 5 h 3 4>oTope 3 HCTHBHoro flH3JieicrpHHecKoro 
MaTepnaiia, HanpHMep AR P-3 10 b BHfle nepeceKaioiuHXCH jihhhh c uiaroM 100 mkm, iuhphhoh 5-7 mkm 
h bwcotoh 2,5-3 mkm. 06e noflJioaacH yKpbiTbi roMeoTpormo opHeHTHpyioiUHM noKpbiroeM 4 
tojiihhhoh 20-100 hm , HanpHMep AL-655 (JSR). Ha onHy hs nojuioaceK HaHeceHbi ipajunnioHHHe 
cneficepw b Bane miacTHKOBbix inapnKOB anaMerpoM 3-6 mkm. Uojuiotkkh cjioaceHbi 
opHeH-rapyiomHMH noicpbrnuiMH apyr k apyry, coeaiffleHbi cKJieiiKOH Ha ocHOBe siiokchjotoh cmojim, 
HanpHMep UXU plus endfest 300 h npocTpaHCTBO Meacay hhmh sanojmeHO >khjkhm kphct3jijiom c 
otpHuaxejibHOH fl H3JieKTpHHecKOH aHHSOTponHefi, HanpHMep MLC- 6608. IIojiy^eHHoe TaKHM o6pa30M 
ycipoHCTBO nponycKaeT 45-50% CBera b cKpemeHHbix nojiaponaax bo brjitohchhom coctoahhh (aa 
100% nprawT CBeT, npoxoaJniWH qepes ycTpoflcTBO c napajmejibHbiHO pacnojiojKeHHbiMH apyr 
OTHOCHTejibHO apyra nojwpoHaaMH). 

Ha 4»nr.2 npeacTaBJieH nonepeHHbiH paspes (a) h bha CBepxy (6) aaaBJiaeMoro ycTpoHCTBa, 
H3roTOBjreHHoro no sasBJiaeMOMy cnoco6y. Ha aBe njiocKonapajuiejibHbie noaflOJKKH 1,2 noBepx 
TOKonpoBOflauiHX noKpbiTHH 3 HaHeceH pncyHOK oTKJioimiomHx aHsneicrpHHecKHX 3JieMe H T0B b Bnae 
nepeKpeinHBaioumxcH cnjiouiHbix jihhhh uihphhoh 5-6 mkm h bwcotoh 2,0-2,5 mkm c uiaroM 100 mkm. 
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noflJioacKH coBMemeHW TaKHM oGpasoM, hto nepeceieHHa jihhhh oahoh no;wo>KKH npHxoflfl-rca Ha 
cepeflHHy, hjih 6jih3ko k new, KBanpaTOB, o6pa30BaHHbix jihhh*mh Ha BTopofi nojmoacice. B KanecTBe 
cneficepoB H cnora»30BaHbi ynopw, cosaaHHbie nepeceHeHPWMH^JiHHHH cwhoh noflJio>KKH c jihhhhmh 
BTopoii. OflHH a^eMeHT H3o6paHceHUH abed orpaHnneH 6ojiee tojictmmh BepTHKajibHbiMH jihhhamh 5 h 
flB yM* ropH30HTajn,HWMH jihhh*mh 5 hhjkhch noflJioJKKH 1. noJiyneHHoe TaKHM o6pa30M ycTpoHCTBO 
nponycKaeT 75-80% CBexa b cicpemeHHbix nonapoHflax bo bkjiwmchhom coctohhhh. 

Ha 4>ht. 3 npeacTaBJieH nonepeHHtifi pa3pe3 (a) h bha CBepxy (6) 3ajrajiaeMoro ycTpoHcTBa, 
H3roTOBJieHHoro no 3aaBJweMOMy cnoco6y, b kotopom oTKJioHjnoiHJie sjieMeHTbi 5 H a noflJioMoce 
CBeTo4»HJifcTpoB BwnojiHeHM H3 AHSJieicrpHHecKoro MaTepwaJia He nporrycicaiomero cbct b BHae jihhhh 

IUHpHHOH 5-15 MKM H BblCOTOH Hafl ypOBHCM CBCTO^HJIbTpOB 2-2,5 MKM H BbfflOJIHHIOT B yCTpOHCTBe 

oflHOBpeMeHHO ponb qepHOH MacKH. 3neMeirr H3o6pajKenmi abed orpaHnneH KpaSHHMH 

BepTHKajIbHMMH JIHHHHMH H flByMfl rOpH30HTajIbHMMH JIHHHMMH HH5KHCH nOJUIOHCKH 1. B OCTajIbHOM 
yCTpOHCTBO BbmOJIHeHO KStK OIIHCaHO Ha $HT.2. flpKOCTb yCTpOHCTBa BO BKJIIOHeHHOM COCTOHHHH 60- 

80%. 

Ha 4>ht. 4 npeacTaBJieH bh« CBepxy 3aaBJiaeMbix ycTpoiicTB, H3roTOBJieHHbix no 3aaBJiaeMOMy 
cnoco6y c pa3JiH«nn,iM pacnojioaceHHeiM onoiOHfliomHX AHSJieicrpHiecKHX 3JieMenTOB 1 h 2 Ha hhmchch 
h BepxHei! nofljioacicax cooTBeTCTBeHHO. ITpencTaBJieH ooth sneMeHT H3o6paaceHH». B ocTanbHOM 
ycTpoHCTBa BbinoJiHeHbi K a K onHcaHO Ha $Hr.2. flpKOCTb yerpoHCTB bo brjuohchhom coctoshhh 75- 
80%. 

Ha 4>nr.5 npeacTaBjieH nonepenHbifi paspes (a) h bha CBepxy (6) 3aaBjraeMoro ycTpoficTBa, 
HsroTOBJieHHOro no sasBJiseMOMy cnoco6y. Ha roDKHeft 1 h BepxHeii 2 nozuiOMacax ycTpoKcTBa, co 

c4)0 P MHpOBaHHbIM Ha HHX P HCyHKOM SJieKTpOflOB 3, HaHeceHW OTkJIOHJIIOinHe flH3JieKTpHHeCKHe 

3jieMeHTbi 5 h 6. Ha hhjkhch nofljioacice 1 ripocTpaHCTBO Meamy flHSJieicrpHHecKHMH oxKjioHaiomHMH 
sjievieHTaMH 5 3anojmeHO BcnoMoraTejibHbiM cnoeM 7 c AHSJieirrpHHecKOH npoHHuaeMOCTbio otjihhhoh 



# 
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OT fl H3neKTpHHeCKOH npOHHUaeMOCTH OTKJIOHHIOIUHX 3JieMeHTOB (npO^HJlb iIH3JieKTpHHeCKHX 

oncoH^iOuiHX 3JieMeHTOB nosepHyr b cfopony noiuioacKH). noBepx Bcex P kcvhkob g6chx noaJiorceK 
HaHecena roMeoxponHO opHeHTHpyKHuaa ruieHKa 4. B kanecTBe cneftcepoB Hcnojib30Ba H b, 
TpaflHUHOHHLie cneiicepbi b Bune roiacTHKOBbix mapHKOB AHaMerpoM 3-6 mkm. 3jie M eHT H 3 o6pa>KeHHa 
abed orpaHHHen 6oJiee uih P okhmh BeprHKajibHbiMH jihhhhmh h asy*** ropHSOHrajibHbiMH jikhujimh 

HTOKHeH nOflJlOKKH 1. B OCTaJIbHOM yCTpOHCTBO BblriOJIHeHO K3K OHHCaHO H3 4>HT. 1. ilpKOCTb 

ycTpoiiCTBa 75-80% bo BKjnoneHHOM coctoshhh. 

Ha 4>ht.6 npeacraBJieH nonepenHbifi paspes (a) h bhj csepxy (6) 3a*BJiaeMoro ycrpoHCTBa, 
HsroTOBJieHHoro no 3a*Bji»eMOMy cnoco6y. Ha hjdkhch 1 h BepxHefi 2 noajioaocax ycrpoHCTBa, co 

c4)0 P MHpOBaHHbIM Ha HHX pHCyHKOM 3JieKTpOflOB 3 HaneceHbl OTKJIOH5»OIUHe JIH3JieKTpHHeCKHe 

sneMeHTbi 5 h 6. Ha HiDKHeH nojuioaace 1 npocrpancTBO Meacay AHSJieirrpHHecKHMH jihhhhmh 5 
3 anoiiHeHO BcnoMoraxenbHbiM CJioeM 7 (npo^HJii, AHSiieicrpHHecKHx otkjiohhwuihx sjieMeHTOB 
noBepnyr b cropoHy nofljioaoo*). CBepxy Ha BcnoMoraTejibHbiH cjioh 7 HaHeceHO TOKonpoBoaaiuee 
noKpw-rae 3. TIoBepx scex pHcyHKOB o6eHx nowioaceK HaHecena opneHTHpyiomaa ruieHKa 4. B 
KanecTBe cneficepoB ncnojraoBaHbi xpaaHUHOHHbie cneflcepbi. 3jieMenT H3o6paaceHH» abed orpaHHHen 

60Jiee UIHPOKHMH BepTHKajIbHblMH JIHHHflMH H flByM* rOpHSOHXJUIbHblMH JIHHUHMH HIDKHeft nOflJIOKKH 

I." B ocxaJibHOM ycxpoHCTBO Bbinomeno KaK oracaHO na 4>ht. 1. SpKoexb ycrpoHCTBa 75-80% BO 

BKJIIOMeHHOM COCTOflHHH. 

Ha $nr.7 npeacraBjieH nonepenHbiil paspes (a) h bha CBepxy (6) 3aaBjmeMoro ycxpoHCxsa, 
HsroTOBJieHHoro no saaBJiaeMOMy cnoco6y Ha hhjkhch 1 h BepxneH 2 no^uioaocax ycxpoifcxBa, co 

c4>0 P MHpOBaHHbIM Ha HHX pHCyHKOM 3JieKTpOflOB 3 HaHeceHbl OTKJIOHiHOIHHe flH3JieKTpHHeCKHe 

sjievieHTbi 5 h 6. Ha hhtkhch nofljioaace 1 npocxpaHCxso Meaoiy AHSJieicrpHHecKHMH jihhhjimh 5 
3 anoJiHeHO ; BcnoMoraTejibHbiM cjioeM 7 (npo(i>Hjib AHSJieicxpHHecKHX jihhhh nosepHyr b exopony 
' noflJio^KKH). Caepxy Ha BcnoMoraxejibHbiii cjioh 7 HaHeceno xoKonpoBoaamee noRpwrae 3. noBepx 3 
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pacnono>KeHa njiemca H3 MaTepnajia oiKJiomHomero AHSJieicrpHHecKoro ajieMenra, KOTopaa yKptixa 
opHeHTHpyromefi njieHKOfi 4. B KanecTBe cnencepoB HcnojibSOBaHbi TpaflHUHOHHbie cne8cepbi. 
3jieMeHT H3o6pajKeHH* abed orpaHHHeH GoJiee iuhpokhmh ; r BepTHKajibHMMH jihhhkmh h jiByM* 

rOpH30HTajIbHbIMH JIHHHHMH HH3KHCH nOZUIOKKH 1. B OCTJUlbHOM yCTpOHCTBO BblHOJIHeHO K3K OHHCaHO 
Ha 4»HT. 1. flpKOCTb yCTpOHCTBa 75-80% BO BKJUOHeHHOM COCTOHHHH. 

Ha 4>hi\8 npeacTaBneH nonepeHHbifi paspes (a) h bha CBepxy (6) saaBjmeMoro ycTpoHC-raa, 
H3roTbBJieHHoro no saaBJiaeMOMy cnoco6y. Ha moKHeii 1 h BepxHeii 2 nonjioaocax ycTpoficTBa, co 

C$OpMH P OBaHHbIM H3 HHX pHCyHKOM 3JieKTpOflOB 3 HaHeceHbl OTKJIOHHIOfflHe a^jieierpHMecKHe 

ajieMeHTbi 5 h 6. Ha HrcacHeii nojuioacice 1 npocTpaHCTBO Meamy znwjieirrpHHecKHMH jihhhhmh 5 
aanojmeHO BcnoMoraTejibHbiM cnoeM 7, BbmoJiHeHHbiM hs MaTepnaJia nojuioaocH (b peajibHOM cjiy-rae b 
nonoaoce sapaHee c^opivmpoBaHbi yrjiy6jie H HH, KOTopwe nocjie HaHeceHHH TOKonpoBQflHnmx 
noKpbiTHH 3anoJiHeHbi otkjiohjuoiuhmh flHSJieicrpHHecKHMH 3JieMeHTaMH 5). CBepxy Ha 
BcnoMoraTeJibHbifl cjioh 7 HaHeceHO TOKonpoBOflnmee noKpbrrae 3. noBepx 3 pacnojio>KeHa 
opHeH-rapyiofflaa njieHKa 4. B KanecxBe cneficepoB Hcnojib30BaHbi TpaflHUHOHHbie cneiicepbi. 3jieMeriT 
H3o6paaceHHH abed orpaHHHeH KpaftHHMH BepTracajibHbiMH jihhhhmh h RByusi ropH30HTajibHbiMH 

JIHHHHMH HHJKHeH nOflJIOHOCH 1. B OCTajIbHOM yCTpOHCTBO BbHIOJIHeHO KZK OHHCaHO Ha $HT. 1. flpKOCTb 

ycrpoHCTBa 75-80% bo BKjnoneHHOM coctohhhh. 

Ha 4>ht.9 npeacTaBJieH nonepeiHbiH pa3pe3 (a) h bha CBepxy (6) 3aHBJiHeMoro ycrpoHCTBa, 
H3roTOBJieHHoro no 3aHBJineMOMy cnoco6y. Ha ape njiocKonapajiJiejibHbie nojuioaacH 1,2 noBepx 
TOKonpoBOfljimHX noKpbiTHH 3 HaHeceH pHcyHOK otkjiohhioihhx flH3JieicrpHHecKHx 3jieM.eHTOB. npn 
3tom, Ha ojmy H3 no/uioaceK, HanpHMep 1 oh HaHeceH b Bnae nepeicpeiuHBaKJWHXCH ciuioiHHbix 
OTSJieicrpHHecKHx jihhhh, a H a BTOpyio, HanpHMep 2 - b BHjte cnjioinHbix flH3JieicrpHMecKHX jihhhh. 
JIhhhh Ha 66eHX nojuioaocax BbinojmeHbi ihhphhoh 5-6 mkm, bmcotoh 2,0-2,5 mkm h maroM 100 mkm. 
TToflJio>KKH cdBMeineHbi TaKHM o6pa30M, hto jihhhh noAJio>KKH 2 nepecenaioTCH c cepeaiiHOH, hjih 
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6jih3ko k Hew CTOpOH npflMoyrojiLHHKOB, o6pa30BaHHBix jihhhjimh Ha nofljiotface 1. B KanecTBe 
cneftcepoB Hcnojn>30BaHbi ynopbi, co3,aaHHbie nepeceneHHHMH jihhhh no;mo>KKH 1 c jihhkhmh 
noiUiOMOCH 2. Ha o6e nozino>KKH HaHeceHo ruiaHapHo opweHTMpyiomee noKpbrrae, HanpHMep AL-3046 
(JSR). IIotfjicwKKH HaTepTbi napajuiejiLHO npyr npyry h b HanpaBJieHHH, nepneHflpncyjuipHOM jihhham Ha 
noflJi03KKe 2. npocTpaHCTBO Me^cny no/wo^KKaMH 3anojraeHo HeMaxHMecKHM 3KK c nojioncHTejibHOH 
iXH3JieKTpHMecKOH npoHimaeMOCTbK) ZLI-3497-000. Qzihh 3JieMeHT H3o6pa>KeHHfl abed orparoiHeH 
6oJiee umpoKHMH BepxHKajibHbiMH jihhhjimh 5 h jxsyMsi ropH30HTajn>HBiMH jihhhhmh 5 kpokhch 
nojuioaaai 1 . nojiyneHHoe TaKHM o6pa30M ycTpoHCTBO nponycKaeT 85-90% cBera b CKpemeHHbix 
'nojrapomxax b BbnanoneHHOM coctohhhh. 

3aflBjmeMoe yerpoHCTBO c roMeoTponHO opHeH-rapoBaHHbiM 3KK c oTpnuaTejibHOH 
iiH3JieKTpHMecKOH npommaeMOCTbio pa6oTaeT cjieayiomHM o6pa30M. B coctohhhh 6e3 
3iieKTpHHCCKoro noiisL HKK MOJieKyjibi ycTpoflcTBa opHemnpOBaHbi nepnennHKyjiiipHO noajioaocaM no 
Bceft njiomaOT, 3a HCKJHoneHHeM CKaTOB oncjiOHmoirmx OTSJieicrpHHecKHx 3JieMeHTOB b cjiynae, ecjra 
hx npo<|>HjiB noBepHjrr b crapoHy 3KK. OflHaico, b otjihhhc ot [7,8] b 3aMBjmeMOM ycTponcTBe CKaxti 
oTKjioHHiomHx 3jieMeHTOB jih6o oneHb Kpyrbie (yroji icaic npaBHjio 6ojisuie 30-40°) jih6o OTcyrcxByiOT 
bobcc, Kor^a hx npo(f>Hjib noBepHyr BHyrpb, T.e. 30Ha HapymeHHfl opneHTauHH jih6o oneHb Majia jih6o 
orcyTCTByeT sooGme h He bhocht cymecrBeHHbix H3MeHeHHH b onTHHecKHe CBOHCTBa ycTpoiiCTBa. 
TaKHM o6pa30M, b BbiKJHoneHHOM coctohhhh h b CKpemeHHbix namipoHjsax .ziaHHoe ycTpoHCTBO He 
nponycKaeT CBeT. 

IlpH npHJi OHceHHH -3JiieKTpHHecKoro nojM nepeopHeHTaiiH^ >KHXiKoro KpHCTajma 
nepneH^HKyjmpHO ajieiopHMecKOMy nojno npoHcxoflHT He paBHOMepHO no BceMy nHKcejiy, a b 
cooxBeTCTBHH c HanpaBJieHHeM B03HHKaK>meH Ha rpaHHiie pa3,nejia )KK- < aH3JieKTpHK napajuiejibHOH 
nonjio^ocaM cocTaBjwjouxeH 3jieKTpHHecKoro nojta. TaKHM o6pa30M 4>opMHpyK)TC5i "o6jiacra c 
pa3JiHHHOH (b tom HHCJie B3aHMHO npoTHBonoiiOHCHOH) opHeHTaimeH ^oiAKoro KpHCTajuia b npe,aenax 
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nHKcejia. Ilea pa3JiHHkbiMH yrjiaMH HaGjiKxaeHiui pa3JiHHHbie o6jrac™ wvieiOT pa3Hbie ypoBHH 
nponycKaHKa h nponycKaHHe nHKcejia b uejiOM paBHO hckotopoh ycpcaHeHHOH BejiHHHHe, 3a cneT Hero 
yMem>uiaeTC5i slbjiqrkg HHBepCHH ypoBHefi rrponycicaHHfl SbiAKOKpHCTajuiMHecKoro ycTpoficTBa 
oxo6pa^ceHH^i MH<J)opMauHH non jiio6i>imh yrjiaMH Ha6jno^eHH5i KaK h b h3bccthom ycrpoHCTse [7,8]. 
JJjix pacumpeHHii yjioB o63opa (yBejiHHeHHa KOHTpacTa npn HaioioHHBix yraax Ha6jno,neHH^) bo3mohcho 
Hcnojn>30BaHHe b 3a^BJtaeMOM ycTpoiiCTBe 4>a303aziep>KHBaK)mHx njieHOK [2]. 

YcTpoHCTBO c napajuiejibHOH no^jio^acaM opHeHTarmeH >KK c nojio^CHTejibHofi 
~ijH3JieKTpHHecKOH npoHimaeMocTbio pa6oTaeT aHajiorHHHbiM o6pa30M. HcKjnoneHHeM ABJDieTCfl to, hto 
b BbncmoMeHHOM coctoahhh b cicpemeHHbix nojDipoHTiax oho CBeT nponycKaer. IlpH npHjio^ceHHH 
ojieKipHHecKoro nojia 3KK nepeopHeHTOpyeTCfl b pa3Hbix HanpaBJieHiuix b 3aBHCHMOcra ot 
HanpaBJieHHH .ae^opMHposaHHoro ajieicrpHHecKoro noxm, HanpaBJieHHoro napajijiejibHO nojuio^KicaM h 
B03HHKaioinero Ha rpamme )KK-;iH3JieKTpHK. B pe3yjii>TaTe yrjioBbie xapaicrepHCTHKH ycTpOHCTBa 
3MpaBHHBaK>TCfl. Bo BKJiiOHeHHOM coctoahhh ycTpoficTBo cbct He nponycKaeT. 

TaKHM o6pa30M, aHajiH3 npeacTaBJieHHoro TexHHHecicoro peinerota noKa3WBaeT, hto Hcnojib3ya 
TpaOHttHOHHyio TexHOJiormo co3^aHHH >KK jxHcmieeB, b KOTopyio Ao6aBjieHHa jraint ojma 
TexHOJiorHHecKaa onepamm 4 )OTOJIHTOr P a 4 ,HH c'03aaHHH oiKJiofiunomHx arojieicrpKHecKHX 

3jieMeHTOB jierKO nojiywrb ycTpoftcTBO c iuhpokhmh yniOBbiMH xapaicrepHCTHKaMH. EtpH 3tom ? 
KOJimecTBo aoMeHOB , hx pacnoji05KeHHe 5 a Taioiee cooth omeHHe Meacay hhmh jierxo BapbwpyioTCfl 
pncyHKOM 4>OTOJiHTorpa(^HH. Kpoiwe Toro, b pe^cHMe Ha nponycKaHHe cbct TepfleTca tojtbko Ha 10-20% 
no cpaBHeHHio c rpa^HUHOHHbiMH MOHOziOMeHHbiMH ycTpoHCTBaMH, hto ^BJiaeTCH HecymecTBeHHbiM 
irpw co3jiaHHH jiHcnjieeB rana desk-top. 
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#KOBeHKO CE. 



OOPMYJIA H30BPETEHHA 

1. ^CHZlKOKpHCTaJIJlHHeCKOe yCTpOHCTBO OTOSpaaceHHJI HH(J)OpMaUHH C MHOMCeCTBOM 3JieMeHTOB 

H3o6pa>KeHHa, coaepacaiuee hbq njiocKonapajuiejibHbie noajioaacw c pa3MemeHHbiMH Ha hx 
o6pameHHi>ix apyr k apyry CTopoHax TOfconpoBozuimHMH noKpwTH^MH, opHeHTHpyiomHMH 

nOKpBITHilMH H HeMaTHHeCKHH )KH£KHH KpHCTaJIJI 3anOJIHflK)IIIHH npOCTpaHCTBO MOK^y 

yKa3aHHbiMH CTopoHaMH nomioaceic, onaiOHaiomHe 3jieMeHTbi, a Taioice, npn HeoGxoflHMOcra, 
nepHyio Macicy, OTJiHHaiomeecfl tcm, hto no KpaihieH Mepe Ha o#hoh H3 noAJio^ceK 
OTKJioHinomHe 3jieMeHTbi BbinojiHeHbi AHSJieicrpHHecKHMH h pa3MemeHbi noBepx 
TOKonpoBo.zuimnx noicpbiTHH no nepHMeTpy Kaxmoro 3JieMeHTa H3o6pa^ceHHJi. 
2 YcTpoHCTBO no n. 1, OTjinnaiomeecH tcm, hto oncjioHJiiomHe OT3JieiapHHecKHe ajieMeHTbi 
BfemojmeHM H3 MaTepnajia c y^ejitHbiM conporaBJieHHeM He MeHee yaejibHoro conpoTHBJieHHH 
HamKoro KpHCTajuia. 

3. YcTpoHCTBO no nn. 1 - 2, OTJinnaioiueeai tcm, hto OTKJiOH^ionxHe OTSJieicrpHHecKHe 3JieMeHTbi 
flonojiHHTentHO pa3MemeHti BHyipn Kaacaoro 3JieMeHTa H3o6paaceHHa. 

4. YcTpoHCTBO no n. 1 hjih 2, OTjiHnaioineeca TeM, hto nepHan MacKa BbinojiHeHa H3 

OTKJIOftaiOmHX OT3JieKTpHHeCKMX 3JieMeHTOB. 

5. YcTpoHCTBO no n.l -4 , OTjmnaiomeecji TeM, hto OTKJiOHHioiuHe xtHsneicrpHHecKHe 3JieMeHn>i 

BMnOJIHeHBI BblCOTOH paBHOH 0,1-1 TOJIIUHHBI CJIOH >KKZXKOrO KpHCTaJIJia. 

6. YcTpoHCTBO no n.l, OTjmnaiomeecfl TeM, hto OTKJiOHJnoiuHe £H3JieKTpHHecKHe 3JieMeHn>i 
noBepx TOKonpoBOiuimHx noKptirafi pa3MemeHbi Ha o6enx nofljio>KKax. 

7. YcTpoHCTBO no n.6, OTjmnaiomeecfl TeM, hto onaiOHxioiUHe ( nH3jieicrpHHecKHe 3JieMeHTi>i 
noBepx TOKonpoBOjunmx noKptrniH BbmonHeHbi H3 pa3JiHHHbix MaTepHajioB . 

8. YcTpoHCTBO no nn. 1 - 7, OTjiHnaiomeeca TeM, hto OTKjioH*ioiuHe arajieicrpHHecKHe 3JieMeHTbi 

BbinOJTHeHbl pa3JTHHHOH BblCOTbl. 



9. 5KHZlKOKpM CTtUUIHHeC KOe yCTpOHCTBO OT06pa>KeHH^ HH(|)OpMaiXHM C MHO^CeCTBOM 3JieMeHTOB 

H3o6paHceHHH, co^aep^camee abc njiociconapajuiejibHbie nozuioacicH c pa3MemeHHbiMH Ha hx 
oGpameHHbrx npyr k iipyry CTopoHax TOKonpoBoaaiuHMH noKptrrmiMH, opHeHTHpyromHMH 
n o Kptinui mh h HeMaTHMecKHH >khhkhh KpHCTajui 3anojmHK)mHM npocTpaHCTBO Me^czxy 
yKa3aHHbiMH CTOpOHaMH noflJioaceic, onuiOHjnouiHe 3jieMeH*n>i, a Taiotce, npH Heo6xoiUiMOCTH, 
nepHyio MacKy, oTjiHHaioineecH TeM, hto no KpafiHeH Mepe Ha ozjhoh H3 noajioaceic 
oncnoHinoiiiHe 3jieMeHTbi BbinojiHeHbi AHSJieiapHHecKHMH h pa3MemeHbi noBepx 

TOKOnpOBOJUHUHX nOKpblTHH, a npOCTpaHCTBO MOKJiy HHMH 3anOJffleHO BCnOMOraTeJTLHBIM 

noKpbiTHeM. 

10. YCTpOHCTBO no n.9, oTJiHHaiomeeoi TeM, hto noBepx BcnoMoraTejibHoro noKpwniH HaHeceHO 
^ononHHTejibHoe TOKonpoBOjmmee noKpwrae. 

11. YcTpoiiCTBO no nn 9 hjih 10, OTjiMHaiomeeca TeM, hto noBepx otkjioh^kjiuhx 

AH3JieKTpHMeCKHX 3JieMeHTOB H BCnOMOraTeJIbHOTO nOKpblTHa C$OpMHpOBaH flOnOJIHHTeJIbHblH 

cjioh H3 MaTepnaaa otkjiohhioihiix ( HH3jreKTpH x iecKHX 3jieMeHTOB. 

12. YcTpoHCTBo no n. 9 , OTjiHHaioineecH TeM, hto OTKnoHjnoume AHSJieiopKHecKHe 3JieMeHTbi 
BbinojiHeHbi H3 MarepHajia c yjiejibHbiM conpOTHBJieHHeM He MeHee yaejibHoro conpo-rasneHiM 
aamicoro KpHcrajuia. 

13. YcTpoHCTBo no nn. 9 -12, OTJiHHaiomeecfl tcm, hto onaiOHflioinHe / aH3JieKTpHHecKHe 3JieMeHTbi . 
AonojiHHTejibHO pa3MemeHbi BHyrpH Ka^caoro 3JieMeHTa H3o6paaceHH*. 

14. YcTpoiiCTBO no nn. 9 hjih 13, OTjiHnaiomeeoi TeM, hto nepHaa Macica BbinojiHeHa H3 

0TKJlOH5I}OIHHX flH3JieKTpHHeCKHX 3JieMeHTOB. 

15. YcTpoHCTBo no nn.9-14 , oTJinnaiomeecH TeM, hto oncjiOHHiomHe juojieicrpHHecKHe 3jieMeHTbi 
BbmojraeHbi bbicotoh He MeHee 0,1 TpjimHHbi cjioa aatzucoro KpHCTajuia. 

16. YcTpoHCTBo no n.9, OTjinnaioiueecH TeM, hto OTKJiOHjnoiuHe ztH3/ieKTpHHecKHe 3JieMeHTbi 
noBepx TOKonpoBOiiamHx noKpbiTHH pa3MemeHbi Ha o6eHx noajio^ocax. 



17. YcTpOHCTBO no n.16, oTJwnaiomeeca TeM, hto onoioHKiomHe zuojieicrpHHecKHe 3jieMeHTbi 
noBepx TOKonpoBo^uiHX noKpbiTHH BwnojiHeHsi H3 pa3JiHHHbix MaTepHariOB. 

18. YcTpOHCTBO no nn. 9-16, oTJinnaiomeecfl tcm. hto onaiOHaiomHe OTSJieicrpHHecKHe 3jieMeHTbi 

B bin O JIHCHBI pa3JIHHHOH BblCOTbl. 

19. YcTpOHCTBO no n. 9, OTjiHHaioiueecn TeM, hto BcnoMoraTejibHoe noKpbiTHe BbinojiHeHO H3 
MaTepnaJia noKJio^ooi. 

20. YcTpOHCTBO no n. 19, OTJiHnaiomeeca TeM, hto nosepx BcnoMoraTejibHoro noicpbiraa 
BbmojiHeHHoro H3 MaTepnajia no,aJio>KKH HaHeceHO TOKonpoBoaamee noKpbiTHe. 

21. Cnoco6 H3roTOBJieHiw Hcn^KOKpHCTajuraHecKbro ycTpoflCTBa 0T06pa^eHHH HH(J)opMauHH c 

MHO^CeCTBOM 3JieMeHTOB H3o6pa^CeHH«, BKJIlOHaiOmHH HaHeCeHHe TOKOnpOBO^HIUHX nOKpblTHH, 

opHeHTHpyiomHx noKpbiTHH Ha o6pameHHtie apyr k apyry noBepxHOcra njiocKonapajuieJibHBix 
no/uioaceic c nocneayiomHM 3anojiHeHHeM npocTpaHCTBa MOKjiy no^Jio^ocaMH HeMantHecKHM 

tfCHflKHM KpHCTaJIJlOM, ^OpMHpOBaHHe OTKJIOHfllOIUHX 3JieMeHTOB, a TaiOKe npH HeoGxOflHMOCTH, 

^opMHpoBaHHe uBeTHbix 4>Hjn»TpoB h HaHeceHHe nepHoft MacKH, OTjmnaioiUHHCJi TeM, hto no 
KpafiHefi Mepe Ha oahoh H3 no/moaceic onaiOHaioinHe 3JieMeHTbi BtinojmaioT 

flH3JieKTpHHeCKHMH H pa3MemaK)T nOBepX TOKOnpOBO^H^mHX nOKpblTHH. 

22. Cnoco6 no n.21, OTJiHnaiomHHCH TeM, hto oncjiOHaioiime ( nH3JieicrpH x iecKHe 3JieMeHTbi 
HaHOCHT H3 MaTepnaJia c yaejibHMM conporaBJieHHeM He hhdkc yaejibHoro conpoTOBJiemia 
>KHj^Koro KpHCTaiuia. 

23. Cnoco6 no nn.21 hjih 22, OTJiHnaiqmHHCfl TeM, hto onoiOHflioiuHe AHSJieicrpHHecKHe 
3jieMeHTbi ^opMHpyiOT Ha o6eHx nozmo>KKax. 

24. Cnoco6 no n.23, OTjmnaioiuHHca TeM, hto onaioHfliomHe ,nH3JieKTpHHecKHe 3jieMeHn>i 

4>OpMHpyK)T H3 pa3JTHHHbIX MaTepHajiOB 

25. Cnoco6 no nn.21 -24, oTJiHHaioiuHiicfl TeM, hto npocTpaHCTBO Mexcay otkjiohmioiuhmh 

OT3JieKTpHHeCKHMH 3JieMeHTaMH 3anOJTH*K)T BCnOMOraTeJIbHbIM nOKpbTTHeM. 



26. Cnoco6 no n.25, oTJiHnaioinHHCfl TeM, hto noBepx BcnoMoraTejibHoro noicpbiTH* HaHocjrr 
.aonoJiHHTejiLHoe TOKonpoBoamuee noKpbiTHe. 

27. Cnoco6 no nn. 24 hjih 25 , OTJiHHaioiUHHCH TeM, hto noBepx HaHeceHHoro 
BcnoMoraTejibHoro noKpbinw $opMHpyiOT nononHHTenbHoe noKpwrae H3 MaTepnajia 

OTKJIOHJIIOIUHX flHSJieiCipHHeCKHX 3JieMeHT0B. * v 

28. Cnoco6 no n.21, OTjmnaioiHHHCfl TeM, hto BcnoMoraTejn>Hoe nojcpbrme BbinojmflioT H3 
MaTepnajia noOTO^oai. 

29. Cnoco6 no n.25, OTjmHaioinHHC^ TeM, hto noBepx BcnoMoraTejibHoro noKpbiira HaHOCHT 
TOKonpoBOjMmee noKpbirae. 

30. Cnoco6 no nn.21 -23, OTjimaioiimHCH TeM, hto Hepnyio Macicy BbmojironoT H3 MaTepnajia 

OTKJIOHinOIUHX OT3JieKTpHHeCKHX 3JieMCHTOB. 

31. Cnoco6 no n.21, OTjiHnaiomHHC^ TeM, hto (JopMnpyioT onaioHJuoiime OT3jieiapnHecKHe 
3jieMeHTbi TOjmmHOH He MeHee 0,1 TomnHHbi cjioa >KHmcoro KpHCTajuia. 
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>KnAKOKpncTannnMecKoe ycrrpoMCTBO 
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>KMAKOKpncTannnHecKoe ycrpoMCTBo 




Our. 8 
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PEOEPAT 

">Kn/iKOKpHCTajijiHHecKoe ycTpoficxBO OTo6pa^ceHHH HHt^opMauHH (BapHaHTti) h cnoco6 ero 

H3rOTOBJieHHil". 

H3o6peTeHHe othochtch k o6jiacrH 3/ieicrpoHHKH h motkot 6biTb Hcnojn>30BaHO npH co3^aHHH 

yCTpOHCTB OTO6pa>KeHKa HH<|)OpMaUHH H, B HaCTHOCTH, HH(^OpMaiXHOHHbIX ^CKOKOKpHCtaJUIHHeCKHX 

(3CK) jreeeic, 3KpaHOB, naHejieS h t.a. 

HetfOCTaTKOM 60JIbIlIHHCTBa 3KHJtfCOKpHCTaJUIHHeCKHX yCTpOHCTB OT06pa>KeHKa HH(J>OpMaiJHH 

HBJiaeTCH CHjn>HaH 3aBHCHMOCTb nponycicaHHJi ot yraa na^eHHa CBCTa h, Kaic cjie^crBHe 3Toro, na^erae 
KOHTpacTa h ziaace HHBepcRH ypoBHefi nponycicaHiui no# HeKOToptiMH yrjiaMH Ha6jno^eHHJi. Jinn 
yjiynmeHMJi aaHHLix xapaKTepHcraK #HciiJieeB Hcnojn>3yK>T b p*me cjiynaes Ha6op 
4>a30KOMneHCHpyioinnx ruieHOK, hto npHBO^HT k y^opo^caHmo ycTpofiCTB h He peinaeT nojiHOcxbio 
npo6jieMy HHBepcHH iiBeTa. 

HaH6ojiee nepcneKTHBHUMH c ^aHHOH tohkh 3peroui hbjmiotch MHorojiOMeHHtie 
3KHAKOKpHCTajuiHHecKHe (DKK) ycTpoficTBa, b KOToptix b npeaejiax o^Horo sjieMeirra H3o6pa3*ceHHH 
(mnccejia) hmciotch o6jiaera ^EamKoro KpHCTajuia co BceMH b03M05khmmh ero opHeHTaimaMH b 

I1J10CKOCTH nOaJI03KKH. 

3anaHefi HacToamero H3o6peTeHEm flBjraeTai co3,aaHHe ycTpoficrB c iuhpokhmh yrnaMH o63opia, c 
6om>meH 5rpKocn>io b peaaiMe nponycicaHKH cseTa no cpaBHemno c H3BecTHbiMH h co3aaHHe Sojiee 
npocToro cnoco6a hx H3roTOBJieHHfl. 

nocTaBJieHHan 3a^aHa peniaeTCfl 3a cneT BbmonHeHHH otkjiorhioiixhx 3jieivfeHTOB b ycTpoflcTBe c 
MHoacecTBOM ajieMeHTOB H3o6pa^ceHHH ^H3JieKTpHHecKHMH h pa3MemeHHH hx nosepx npcaBapHTejibHO 
HaHeceHHbix TOKonpoBOAJimHx noicpbiTHH no KpaHHeii Mepe Ha ojihoh h3 jXByx noajioaceic c 
HeMaranecKHM ^khakhm KpHCTajuiOM Me^cny hhmh. PncyHOK otkjiohjuoiuhx 3JieMeHTOB MO^ceT 6bin> 
noBepHyT cbohm npo^HjieM KaK b CTopoHy >KK, TaK h b cTopoHy nozmoaocH h pa3MemeH kzk Ha oahoh, 
TaK h Ha o6enx no^zuio^ocax. flH3JieicrpHHecKHe 3jieMeim>i Moryr 6biTb pa3MemeHbi icax no nepHMeTpy, 
TaK h BHyTpH Kaacaoro 3JieMeHTa H3o6paaceHHfl. flpw npano^ceHHH k sjiemrpoaaM Ha nporHBonojioacHbix 



nonjioHCKax ajieiopHMecKOH pa3HOCTM noTeHUHajiOB, Ha rpamme >KK-otkjiorhioiijhh arojieicrpHHecKHH 
3jieMeHT B03HHKaeT ,ne4>opMHpoBaHHoe 3JieKTpH^ecKoe nojie, HMeiomee napajuiejibHyio ncano^acaM 
3jieKTpHHecKyio cocTaBjmiomyK), HanpaBJieHHe kotopoh 3anaeTCfl pHcyHKOM otkjioh5hoiuhx 
OT3JieKTpHHecKHx 3JieMeHTOB. llpH 3tom, BejiHMHHa 3Toro nojia ztocTaTOHHa jxjul nepeopHeHTauHH 5KK B 
pa3JiHHHbix HanpaBJieHHJix, hto npHBOOTT k o6pa30Barano pa3JiHHHbix jxomquob b npeaenax o^Horo 

IIHKCeJia H BblpaBHHBaHHK) OnTHHeCKHX CBOHCTB yCTpOHCTBa. nOCKOJlbKy, B OTJTHHHe OT H3BCCTHOrO 

TexHmecKoro peiueHH* oncioronomHe imsjieicrpHHecKHe 3JieMeHTbi 3araiMaeT He 6ojiee 5-10% 
ruioiua^H nraccena, ycTpoHCTBO o6jia#aeT 6ojiee bbicokoh apKocTbio. Ylpu 3tom, pncyHOK 
OTSJieicrpHHecKHx 3jieMeHTOB no3BOJiiieT nerKo nojiynaxb KaK 2-x, TaK h 4-x aoMeHHbie yCTpOHCTBa npH 
jik)6oh peaiiBHo Hcnojn>3yeMoH $opMe imKcena. 

TaKHM o6pa30M, aHajiH3 npeacTaBJieHHoro TexHHHecKoro peineHHH noica3biBaeT, hto Hcnojn>3yji 
TpajuomoHHyio TexHonorHio co3^aHHH 5KK zmcmieeB, b KOTopyio ^o6aBJieHHa imnih ojihb. 
TexHOJiormecKaH onepaiiH^ (|)OTOJiHTorpa<|>HH rjix co3flaHHH OTKjioHinomHx ^H3JieicrpHHecKHx 
3jieMeHTOB jiereo nonyHHTb ycTpoficxBO c ihhpokhmh yrjiOBbiMH xapaierepHCTHKaMH. npH 3tom, 
KOJimecTBO ziOMeHOB 5 hx pacnojiOHceroie, a Taicace cooTHonieHMe Meacay hhmh Jierico BapbHpyioTCH 
pwcyHKOM $oTOjmTorpa(jHH. KpoMe Toro, b pe^KHMe Ha nponycKaHHe cbct TepaeToa TOJibKO Ha 10-20% 

nO CpaBHeHHK) C TpaflHUHOHHblMH MOHOpZIOMeHHblMH yCTpOHCTBaMM, HTO JIBJIfleTCJI HecymecxBeHHbiM 

ripn co3ziaHHH AHcnjieeB rana desk-top. 

H3o6peTeHHe,coziep^aiT 3 He3aBHCHMbix h 28 3aBHCHMbix nyHKTOB (JopMyjibi. 
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